We estimated the subsite structure of the maltogenic amylase from Thermomonospora viridis TF-35 (TVA). TVA has six subsites, and the catalytic site is between the 3rd and 4th subsite. The subsite a‹nities, A -3 , A -2 , ( A -1 ＋A ＋1 ), A ＋2 and A ＋3 were calculated to be 0.47, 2.31, 0.49, 2.45, and 0.17 kcal mol -1 , respectively.
Thermomonospora viridis TF-35 produces a maltogenic amylase (TVA) extracellularly. As described previously, 1) an extreme high-maltose (G2) syrup (EH G2 syrup) containing about 94z G2 and small amounts of maltooligosaccharides (2.8z) was prepared by the combined 2-step reaction of soybean bamylase and Flavobacterium odoratum isoamylase, 2) and TVA in the high concentration liqueˆtes, and is currently produced industrially.
Several microbial maltogenic amylases, i.e. those of Aspergillus oryzae (TAA), 3) Streptomyces hygroscopicus, 4) Streptomyces praecox, 5) and Bacillus stearothermophillus 6) etc., have also been investigated, but none of those enzymes could convert starch liqueˆtes into G2 syrups containing more than 90z G2, even if su‹cient amounts of isoamylase and b-amylase were used concomitantly during the reaction.
In the previous work, 1) we reported that TVA has a higher glucosyltransfer activity in the hydrolysis of maltotriose (G3).
TVA has unique features among maltogenic amylases, so we estimated the subsite structure of TVA using the method described by Suganuma et al.
3) and compared it with other a-amylases, including TAA. 3, 7, 8) Reduced Co. (Okayama, Japan). 9) TVA was prepared and puriˆed by the method previously described. 10) The enzymatic reaction with TVA was done at a low substrate concentration (¿100 mM) in 20 mM acetate buŠer (pH 6.0) at 409 C, and stopped by adding 25 mM NaOH. The reaction products were separated by thin-layer chromatography (TLC) using a Merck pre-coated silica gel 60 F254 plate with ethyl acetate W acetate W water solvent system (6
After it was developed and dried, the TLC plate was placed in contact with an imaging plate for 10 h, and the radioactivity of the migrated sugars on the plate were measured by a Fuji Film BAS1500 image analyzer. Hydrolysis of the substrate did not exceed 15z, to minimize the eŠects of consecutive reactions.
The relative amount of each labeled product obtained in the experiments described above gave the cleavage frequency of each linkage in each maltooligosaccharide. The results shown in Table 1 indicate that TVA preferentially splits at the linkage penultimate to the reducing end in G3, maltotetraose (G4), maltopentaose (G5), and maltoheptaose (G7). In maltohexaose (G6), TVA preferentially splits at the third linkage from the reducing end.
In the kinetic studies of amylose hydrolysis, it is necessary to keep the substrate concentration as low as possible, to exclude the eŠects of the glucosyltransfer or reverse reaction. This postulation can be fullled using a radioactive substrate at a low concentration. Under these condition where s9Km (s is the substrate concentration, and Km is the Michaelis constant), the reaction velocity, [ , can be expressed as follows:
where V is the maximal velocity, k0 is the molecular activity, and e0 is the molar concentration of the enzyme.
The rate of decrease in radioactivity of the substrate during the hydrolytic reaction gives theˆrst-order rate constant as V W Km, and by dividing the value by e0, we obtain the rate parameter k0 W Km Table 3 . Subsite A‹nities of TVA
Values of A i 0.47 2.31 0.49 2.45 0.17 a, The upper number is the subsite counted from the nonreducing end, and the lower number is the subsite proposed by Davis et al.; 14) The Ai value is expressed in kcal mol -1 .
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K. TAKAHASHI and T. NAKAKUKI (Table 2 ). The value for G4 was about 30 times that for G3, and the value for G6 is very close to that for G5. Values were almost identical for maltooligosaccharides higher than G7, which showed good agreement with the value of 2.0×10 4 min
Combining the results of product analysis (Table 1 ) and the value of k0 W Km (Table 2 ) enabled us to estimate the six subsites structure of TVA according to the method described by Suganuma et al.
3) The estimated subsite structure of TVA from -3rd to ＋3rd is shown in Table 3 . From these results, the catalytic site was between the 3rd and 4th subsites. The subsite a‹nities ( Ai) of TVA, A-3, A-2, (A-1＋ A＋1), A＋2 and A＋3 were estimated to be 0.47, 2.31, 0.49, 2.45, and 0.17 kcal mol -1 , respectively. The sum of ( A-1＋A＋1) containing the catalytic site of TVA was 0.49 kcal mol -1 . The subsite structure of TVA is diŠerent from those of most typical amylases, in which the sum of ( A-1＋A＋1) is a minus value; for example, -3.36 kcal mol -1 of Sfamy from Saccharomycopsiŝ buligera, 11) -3.8 kcal mol -1 of liquefying a-amylase from B. subtilis, 12) -1.89 kcal mol -1 of a-amylase I from Thermoactinomyces vulgaris, 13) and -1.7 kcal mol -1 of TAA, which is an a-amylase having a weak hydrolyzing activity of G3.
3)
The subsite structure of TVA is similar to that of B. subtilis saccharifying a-amylase, which is an aamylase having a strong glucosyltransfer activity, 7) and the a-amylase II from T. vulgaris, which is an a-amylase having a higher glucosyltransfer activity than T. vulgaris a-amylase I, 13) and which show positive values of ( A-1＋A＋1), 2.7 kcal mol -1 and 1.18 kcal mol -1 , respectively. These results suggest that an extremely high-G2 syrup containing about 94z G2 is producible by the combined 2-step reaction of soybean b-amylase and F. odoratum isoamylase, 2) and TVA with a characteristic subsite structure.
